Porcine beta-defensin-1 (PBD-1) gene plays an important role in the innate immunity of pigs. The peptide encoded by this gene is an antimicrobial peptide that has direct activity against a wide range of microbes. This peptide is involved in the co-creation of an antimicrobial barrier in the oral cavity of pigs. The objective of the present study was to detect polymorphisms, if any, in exon-1 and exon-2 regions of PBD-1 gene in Large White Yorkshire (LWY) and native Ankamali pigs of Kerala, India. Blood samples were collected from 100 pigs and genomic DNA was isolated using phenol chloroform method. The quantity of DNA was assessed in a spectrophotometer and quality by gel electrophoresis. Exon-1 and exon-2 regions of PBD-1 gene were amplified by polymerase chain reaction (PCR) and the products were subjected to single strand conformation polymorphism (SSCP) analysis. Subsequent silver staining of the polyacrylamide gels revealed three unique SSCP banding patterns in each of the two exons. The presence of single nucleotide polymorphisms (SNPs) was confirmed by nucleotide sequencing of the PCR products. A novel SNP was found in the 5'-UTR region of exon-1 and a SNP was detected in the mature peptide coding region of exon-2. In exon-1, the pooled population frequencies of GG, GT, and TT genotypes were 0.67, 0.30, and 0.03, respectively. GG genotype was predominant in both the breeds whereas TT genotype was not detected in LWY breed. Similarly, in exon-2, the pooled population frequencies of AA, AG, and GG genotypes were 0.50, 0.27, and 0.23, respectively. AA genotype was predominant in LWY pigs whereas GG genotype was predominant in native pigs. These results suggest that there exists a considerable genetic variation at PBD-1 locus and further association studies may help in development of a PCR based genotyping test to select pigs with better immunity.
INTRODUCTION
Disease occurrence is a major threat to any livestock farming and pig production is no exception. Diseases cause high morbidity and mortality resulting in huge loss to farmers. Control of diseases has traditionally been accomplished through the use of sanitation, medication, vaccination and elimination of sick pigs but, these methods have often been proved to be inadequate. Selection for disease resistance employing molecular markers would help in evolving a population with greater immunity. Modern techniques like polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) are helpful in identifying such molecular markers.
Antimicrobial peptides (AMPs) are often referred to as natural antibiotics due to their antimicrobial action against a wide range of microbes. AMPs are polypeptides made up of less than 100 amino acid residues (Ganz, 2003) . Based on the net charge present, AMPs are broadly classified into anionic and cationic peptides (Hancock, 1997) . Defensins are a subclass of cationic AMPs with broad spectrum antimicrobial activity against various bacteria, fungi and viruses. They possess six to eight highly conserved cysteine residues that form intramolecular disulfide bonds based on which, three families of defensins are defined viz. α-, β-and θ-defensins (Lai and Gallo, 2009 ).
The porcine beta-defensin-1 (PBD-1) gene first reported by Zhang et al. (1999) encodes a peptide that was found to be active against Escherichia coli, Salmonella typhimurium, Listeria monocytogenes, Staphylococcus aureus, and Candida albicans (Shi et al., 1999; Jiang et al., 2006; Li et al., 2013) . The β-defensin genes in human, cattle and poultry have been found to be associated with several disease conditions (Bagnicka et al., 2007; Hasenstein and Lamont, 2007; Baroncelli et al., 2008) . Similar studies in pigs would help in realising the potential of β-defensins such as PBD-1.
Indian native pigs have unique qualities such as disease resistance, adaptation to the local environment and possession of lean fat (De et al., 2013) . Studies on genes responsible for immunity would aid in selection for disease resistance. Therefore, the present investigation was undertaken to assess the genetic variability, if any, at exon-1 and -2 regions of PBD-1 gene in native and exotic populations. In addition, to sequence this portion from the native breed and compare it with the published sequences available in the NCBI database.
MATERIALS AND METHODS

Experimental animals
The polymorphism study was conducted on a total of 100 animals belonging to the species Sus scrofa (domestic pig). Blood samples were collected from 50 Large White Yorkshire (LWY) and 50 Ankamali pigs reared at Centre for Pig Production and Research, Mannuthy, Thrissur, Kerala, India.
Collection of blood samples and extraction of DNA
Five millilitre of blood was collected from the ear vein of each animal into a sterile 15 mL polypropylene centrifuge tube containing ethylene diamine tetra acetic acid (EDTA) as anticoagulant (1 mg/mL of blood). The tubes were tightly capped and kept in an ice box. Samples were taken to the molecular biology laboratory of Centre for Advanced Studies in Animal Genetics and Breeding and stored at -20°C until isolation of DNA. Genomic DNA was isolated from whole blood using standard phenol chloroform method (Sambrook and Russell, 2001 ) with necessary modifications.
PCR amplification of exonic regions of PBD-1 gene
A 143 bp fragment (partial promoter and complete exon-1) and a 322 bp fragment (partial intron and complete exon-2) of PBD-1 gene were amplified using two sets of primers (Table 1) . PCR was carried out in a thermal cycler (Bio-Rad, Hercules, CA, USA) using 0.2 mL PCR tubes. Each 25 µL volume reaction contained 1× Taq polymerase buffer, 1.5 mM MgCl 2 , 0.2 mM of dNTP mixture, 10 pM/µL each of forward and reverse primers, 50 to 100 ng of template DNA, 0.75 units of Taq polymerase and nuclease free water to make up the volume.
The PCR conditions followed were initial denaturation for 3 min at 94°C, followed by 35 cycles of 30 s at 95°C, 20 s at 58.8°C, 30 s at 72°C and final extension at 72°C for 8 min. The amplified PCR products were resolved in 2% (w/v) agarose gel in 1× Tris Borate EDTA (TBE). Five microlitre of PCR product mixed with 1 μL of 6× DNA gel loading dye were loaded in the well. A 50 bp DNA marker was used to ascertain the size of the amplified products. Electrophoresis was performed at 80 V for 10 minutes followed by 65 V for 30 minutes. The gels were visualized under UV light and recorded in a gel documentation system.
Single strand conformation polymorphism analysis
Single strand conformation polymorphism (SSCP) was performed using PCR products of exon-1 and exon-2 regions of PBD-1 gene. The PCR products were mixed with SSCP loading dye (95% Formamide dye) in 1:2 ratio (20 L sample with 40 L dye), denatured at 95°C for 10 minutes in a thermal cycler and snap chilled on ice for three minutes. The single stranded DNA samples were resolved in a 12% polyacrylamide gel. The composition of polyacrylamide gel was 30% acrylamide/Bis-acrylamide (29:1) 12 mL, 1×TBE 3 mL, Tetramethyl-ethylenediamine (TEMED) 30 µL, 10% ammonium per sulphate (APS) 150 µL, and nuclease free water 14.82 mL.
The SSCP-PAGE was performed without adding glycerol as banding patterns were not clear in gels containing 5% (v/v) glycerol. Electrophoresis was performed at 110 V for 143 bp fragment and at 200 V for 322 bp fragment for 16 hours at 12°C. The SSCP bands PBD-1, porcine beta-defensin-1; GC, guanine-cytosine; Tm, melting temperature; bp, base pair.
were visualized by silver staining following the protocol of Bassam et al. (1991) with certain modifications. The protocol used in the present study had several advantages. Fixing the gels with 10 per cent ethanol instead of 10 per cent acetic acid reduced the time required for fixation and addition of the pre-treatment step with 1.5 per cent nitric acid hardened the gel enabling its easy handling.
Nucleotide sequencing of SSCP alleles
Representative PCR products showing different SSCP banding patterns were selected and sequenced using respective forward and reverse primers to detect the polymorphisms, if any, at nucleotide level. Sequencing was performed by automated sequencer (ABI prism, Applied Biosystems, Foster City, CA, USA) using Sanger's dideoxy chain termination method (Sanger et al., 1977) at SciGenom Labs Pvt. Ltd., Cochin, India. The sequences of different designated alleles of the gene were analysed using the 'MegAlign' tool of Lasergene Software (DNASTAR, Madison, WI, USA) to generate sequence alignment reports, sequence distances and phylogenetic trees.
Statistical analysis
The genotypes were detected by observing the SSCP banding pattern of each sample in the gels which was further confirmed by sequencing. The number of individuals belonging to different genotypes was recorded by direct counting (Falconer and Mackay, 1996) and the frequencies were calculated using following formulae: 
RESUTLS AND DISCUSSION
Single strand conformation polymorphism analysis
In order to ascertain the polymorphism in 143 bp fragment (partial promoter and complete exon-1) (Figure  1a) , the PCR product was subjected to SSCP-PAGE. Silver staining revealed three unique SSCP banding patterns which were identified as GG, GT, and TT (Figure 1b) . Sequencing results confirmed the presence of a novel SNP with G to T transversion in the 5' UTR of PBD-1 gene (Figure 1c) . The two alleles viz. PBD1-G allele and PBD1-T allele of exon-1 were submitted to the NCBI database and are available with the accession numbers KP862534 and KP862535, respectively. Samples with corresponding banding patterns were designated as GG, GT, and TT genotypes. Studies in human HBD-1 gene have also reported SNPs in the 5' UTR (Jurevic et al., 2003; Baroncelli et al., 2008; Segat et al., 2014) .
The SSCP analysis of 322 bp fragment (partial intron and complete exon-2) (Figure 2a ) also revealed three unique SSCP banding patterns identified as AA, AG, and GG (Figure 2b) . Sequencing results confirmed the presence of a SNP with A to G transition in the coding region of PBD-1 (Figure 2c ). The two alleles viz. PBD1-A allele and PBD1-G allele of exon-2 were given accession numbers KP862536 and KP862537, respectively by the NCBI. Three genotypes formed were designated as AA, AG, and GG. This SNP was previously reported by Choi et al. (2012) using PCR-restriction fragment length polymorphism with restriction enzyme BstNI. Although the SNP was within the coding region, it resulted in a synonymous substitution to the amino acid glutamine.
Genotype and allele frequencies
The genotypic and allelic frequencies for exon-1 and exon-2 based on PCR-SSCP pattern are presented in Table 2 . In exon-1, the GG genotype showed high frequency in both the breeds whereas the TT genotype was not detected in LWY breed and also the G allele was found to be predominant in both the breeds. In exon-2, AA genotype was predominant in LWY pigs whereas the GG genotype was predominant in native pigs. Consequently, the G allele was predominant in Ankamali pigs whereas the A allele was found to be predominant in LWY pigs. Choi et al. (2012) had reported a frequency of 0.18 for the minor allele at this locus.
Nucleotide sequence analysis
The sequences of same region were subjected to multiple sequence alignment using MegAlign tool. The 143 bp sequences obtained from G and T alleles of Ankamali pig were compared with the sequence of other pig (NCBI accession No. AF132038) available in the NCBI database (Figure 3a) . The designated G allele showed 100 per cent homology with the sequence of other pig whereas 99.3 per cent similarity with designated T allele. The nucleotide sequence of designated G allele showed nucleotide 'G' at position 63 whereas it was nucleotide 'T' in the designated T allele as shown in the Figure 3a 
Phylogenetic analysis
The phylogenetic tree from 143 bp fragment revealed close evolutionary relationship between the designated G and T alleles and other pig (NCBI accession No. AF132038). It was evident from the common cluster formed by these sequences (Figure 4a ). This was expected as they had a high per cent similarity in their sequences. The phylogenetic tree for 322 bp showed two major branches at the primary node for pig and ruminants. The designated A and G alleles as well as the other pig (NCBI accession No. AF132038) formed a common cluster indicating their close relationship in the evolution. Two unique branches were formed for sheep and cattle in the node for ruminants (Figure 4b ). It may be inferred from above results that the PBD-1 gene was quite different from ruminant species in terms of structure, organisation and composition but had no breed differences.
CONCLUSION
PBD-1 gene plays an important role in the innate immunity of pigs. The peptide encoded by this gene cocreates an antimicrobial barrier in the oral cavity of pigs as it has direct activity against a wide range of microbes. Polymorphism studies of this gene revealed two SNPs including a novel SNP at exon-1 in both native and exotic breeds, indicating a considerable genetic variation at PBD-1 locus which may aid in the marker assisted selection for disease resistance traits. The silver staining protocol used in the present study had several advantages which might be useful to other researchers. The nucleotide sequence analysis indicated that the PBD-1 gene was quite different from other species in terms of structure, organisation and composition. However, there was complete homology between the sequence of native pigs and those available in the NCBI database.
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